Introduction
The phenotype of an organism can be influenced by maternal effects as well as by its genotype and environ-maternal effects of provisioning is supported by evidence that seed size is correlated with subsequent growth and survivorship, especially when competition is important (Black 1957; Lush & Wien 1980; Gross 1984; Stanton 1984; Wulff 1986a,b; Kromer & Gross 1987; Aarssen & Burton 1990) .
Maternal effects can be divided into genetic and nongenetic effects. The former includes genetic differences among mother plants that result in differences in the provisioning or other aspects of the environment of seeds as they develop within flowers and fruits. Genetic maternal effects can occur due to the genetic material in mitochondria, chloroplasts or plastids, which are contributed only by the mother (Roach & Wulff 1987; Platenkamp & Shaw 1993) .
Non-genetic maternal effects can occur because the environment in which the mother plant grows may influence her ability to provision seeds. For example, the nutrient content of seeds can be influenced by the soil nutrient level in which the mother plant is growing (Parrish & Bazzaz 1985) . Environmental maternal effects on individual growth often appear to be transitory (Miao, Bazzaz & Primack 1991; Wulff& Bazzaz 1992; Schmid & Dolt 1994) , but they could still play a role if the period of their influence is important for plant fitness, e.g. germination time (Alexander & Wulff 1985; Platenkamp & Shaw 1993) . In the most commonly described scenario, environmental maternal effects are mediated by seed size: the environment in which the maternal plant is growing influences the size of seeds produced, and there are numerous studies showing a positive relationship between seed size and the probability and speed of germination, and subsequent seedling size (e.g. Harper, Lovell & Moore 1970; Weis 1982; Hendrix 1984; Schaal 1984; Stanton 1984; Crawley & Nachapong 1985; Schmid & Dolt 1994) , although some studies did not find these effects (Schmitt & Antonovics 1986; Dolan 1984) . Environmental maternal effects mediated by seed weight are possible only to the degree that the seed weight distribution produced by a plant is plastic, and seed weight is considered to be one of the least plastic of plant reproductive characters (Harper et al. 1970; Schmid & Dolt 1994 ).
An individual plant will produce a distribution of seed masses, but this distribution is relatively insensitive to the environment in which the plant grows. One of the most robust generalizations in plant reproductive ecology is that plants express huge differences in reproductive output primarily through variation in seed number, rather than in individual seed weight.
Plants seem to vary mean seed weight only when plasticity in seed number is unavailable or limited (Hodgson & Blackman 1957a,b; Harper et al. 1970; Schmid 1992) .
We studied the influence of four maternal environments of increasing severity on the phenotype offspring in Centaurea maculosa, to ask the following questions: (Miller 1991a,b) . In the native range in central Europe, flowering occurs in July, and the plant dies as the seeds ripen in August.
MATERNAL TREATMENTS
In a previous study on the influence of four stress We use the term 'maternal treatment' for these four environments, and 'treatment' for the treatment in which the offspring were grown. The experimental design is summarized in Fig. 1 , and the distribution of maternal and offspring treatments among the 33 maternal plants is shown in Table 1 .
MEASUREMENTS
Plants were measured 14 times during the 22 weeks of the experiment. The interval between each of the first eight measurements was four days, after which measurements were made every 14 days, except for the last measurement, which occurred 30 days after the previous one. After each measurement the blocks were rotated and the pots within each block were randomized. The number of leaves greater than 3 cm in length, and the length of the longest rosette leaf were recorded on each occasion.
On 8 July we cut the grass that extended beyond the top of the pots in those pots that contained grass.
The experiment was concluded on 18 September 1989.
We removed the plants from the pots and washed the soil from the roots. We harvested the tap root; fine roots could not be fully recovered. Above-and belowground parts of the plants were dried for 50 h at 60 ?C, and weighed (? 0.00 1 g). We analysed plant total dry mass (above-and below-ground). (Sokal & Rohlf 1981) . To consider all the seeds produced by the mother plants in a given treatment as a single population without accounting for the variation due to differences among mother plants -for example because their identity was not recorded -would be a form of 'pseudoreplication' (Hurlbert 1984) . When many analyses were performed, we calculated 'table-wide' probability levels using the 'sequential Bonferroni' correction (Rice 1989).
To compare the relative importance of different factors, we used 'effect sizes' (ij2 = SS factor/[SS factor + SS residual]; Cohen 1977) . The effect size is the squared (multiple) partial correlation coefficient, and is a useful measure of the contribution of a source of variation to the total variation in situations with mixed models. An alternative would be to use variance components, but their application for fixed effects is not generally accepted. We therefore decided to present (multiple) partial coefficients of deter- variable or factor when all other independent variables and factors are held constant.
To obtain more statistical power in detecting effects of the maternal treatment on offspring growth, we fitted simple growth curves to the repeated size measurements of each individual plant over all the measurement dates (see Meredith & Stehman 1991; Stoll, Weiner & Schmid 1994; Weiner 1995) . We then analysed the parameter estimates for each plant using ANCOVA as described above. This is similar to a repeated-measures ANCOVA, except that a more biologically meaningful growth curve is used rather than linear and polynomial terms to model growth over time. We modelled growth with the asymptotic function y = a -brx, where the variables y and x represent size and time, and the parameters a, b and r represent the asymptotic size, asymptotic minus initial size, and initial growth rate, respectively.
To normalize the residuals, seed mass was log transformed and the number of leaves on a plant The offspring treatment had little influence on the number of leaves on a plant until day 44, but thereafter there were major effects of offspring treatment.
Both conspecific and grass neighbours reduced the number of leaves, with grass having a much greater effect (Fig. 2) . Maternal treatment never had a significant influence but the identity of the maternal plants was highly significant (Fig. 3 ; Table 2 ). Seed mass had a strong positive influence on subsequent growth up to day 34 but became less important thereafter until its effect vanished ( Fig. 3 ; Table 2 ).
The offspring treatment also had a significant effect on the length of the longest leaf of the plants (Fig. 2 , Table 3 ). As with leaf number, maternal treatment a individually grown (Table 3 ).
There were no significant interactions between offspring treatment and maternal treatment (as can be seen from the means for the final measurement; Table 5 ), but not the initial growth rate (Table 6 ). Offspring treatment was always highly significant, and had the largest effect size of any factor. When length of the longest leaf was used as the dependent variable in the repeatedmeasures analysis, maternal treatment had a significant effect on both the asymptotic maximum leaf length (P = 0.036; Table 7 ) and the initial growth rate (P < 0.001; Table 8 ). However, even when significant, effect sizes for maternal treatment were relatively small. The range of r2 for the fitted growth curves was 0.81-1.0 (mean = 0.96) for leaf number and 0.11-0.99 (mean = 0.88) for maximum leaf length.
Only offspring treatment and maternal identity had significant effects on the total dry mass of plants at harvest (Table 9 ).
Discussion
There were large and highly significant differences in the mean mass of seeds produced by different mother plants, but there was no evidence that the different environments in which the maternal plants grew con- Table 7 ANCOVA of the effects of maternal treatmen y = a -brx, which was fit to repeated measures of l is a covariate. Identity of maternal plant is nested w interactions were nonsignificant. 12 is the effect size maternal effects Table 8 ANCOVA of the effects of maternal treatment and maternal identity on parameter r (initial growth rate) in growth equation y = a -brx, which was fit to repeated measures of length of the longest leaf for each plant. Initial seed mass (log transformed) is a covariate. Identity of maternal plant is nested within maternal treatment and treated as a random effect (model 11). All interactions were highly nonsignificant. 12 is the effect size (Harper 1977) . In the present study, differences among mothers within a treatment were probably due to genetic variation, rather than variation in environmental conditions within maternal treatments, which the design minimized.
Some of this variation could be due to genetic maternal effects.
The competitive regime in which the offspring were grown had a large effect on all the measures of their performance. There were also significant effects of maternal plant identity, and these could not be explained by differences in seed mass. Although maternal treatment had major effects on the physiology, morphology, growth, and resultant size of the maternal plants, and huge effects on the number of seeds they produced, these effects did not result in major changes in the mass or quality of seeds and offspring produced. Even when maternal treatment was significant, the effect sizes were quite small. The absence of significant interactions between offspring and maternal treatment implies that, even under competition, offspring of mothers from stressful environments did not perform worse than offspring of mothers from less stressful environments. Our results suggest that, even though environmental maternal effects on offspring quality do occur, they may not be very important compared with other influences acting on plant fitness. The importance of a plant's environment on its fitness is manifest primarily through the number offspring it produces, and only secondarily, if at all, through their quality (Sultan 1996).
The differences in offspring performance due to variation among mothers within maternal treatments were much larger than the nonsignificant differences due to the differences among maternal treatments.
Had the identity of mother plants not been recorded and included in the analysis, the effects of maternal treatment would have appeared to be highly significant (e.g. P < 0.001 for final plant mass). The failure to recognize maternal identity as a potential type of pseudoreplication (Hurlbert 1984 ) may account for the apparent evidence for environmental maternal effects in plants in some of the earlier studies. When variation due to maternal identity is included in the analysis, evidence for environmental maternal effects is usually absent, weak, or transitory (e.g. Alexander has been argued that competition can exacerbate the influence of seed size, and thus increase the importance of environmental maternal effects (Roach & Wulff 1987; Stratton 1989; Schmid & Dolt 1994) . The absence of interactions between initial seed mass and the competitive regime under which the offspring grew in the present study suggests that competition did not accentuate the effects of seed mass. If competition is symmetric, i.e. if the competitive effect of a neighbour is proportional to its size, a larger seedling (from a larger seed) will have an absolute, but not an increasing, advantage over the course of competition. The extreme initial advantage due to size occurs only when competition is asymmetric, and this seems to occur when competition for light is very important (Weiner 1990) .
Although environmental maternal effects on offspring quality are detectable, they are quite weak compared with many of the other influences on an offspring's fitness, such as its genotype and the environment in which it grows.
